Paired open-top chambers were used to study interactions chambers. However, when leaves were wetted with foggers, between Botrytis spp. and ozone in field-grown onions. inoculation with mycelial suspensions of B. squamosa in late Charcoal filters removed 35 to 65% of the ambient ozone, August produced significantly more lesions and leaf dieback resulting in six-fold reduction of onion leaf dieback and a in the unfiltered chamber. Botrytis squamosa, B. cinerea, B. 28% increase in onion yield compared with unfiltered allii, and several genera of secondary fungi were isolated from chambers. Symptoms of leaf injury appeared soon after these lesions. Botrytis squamosa was recovered from lesions ozone levels exceeded 294 Mg/m 3 (0.15 ppm) for4 hr. Lesions only, whereas B. cinerea and B. allii were associated more caused by Botrytis were few because no dew formed in the generally with onion leaf tissue regardless of lesions.
polyethylene tubes originally employed. This prevented lesions per leaf. Analysis of variance was performed on air stagnation while increasing blower output due to both data sets, and Tukey's w procedure (23) served as the decreased pressure (K. M. King and P. M. Smith, multiple comparison test for treatment means. Due to the personal communication) ] .
non-normal distribution of percentage leaf necrosis with An aspirated psychrometer, shielded mercury values below 20%, these data were arcsin-square root thermometers, a light meter with a visually corrected transformed, then analyzed. filter, and a hot-wire anemometer were used to measure Lesions caused by Botrytis were rare on onions by midrelative humidity, temperature, light intensity, and air August in either chamber when compared with control velocity, respectively. A calibrated chemiluminescence plots. Since air injection fans were running continuously, ozone analyzer (Bendix Model 8003 Ozone Analyzer, it was thought that air turbulence within the chamber at Bendix Process Instruments Division, Roncevette, WV night prevented dew formation and, hence, spore 24970) was used to monitor external ambient and germination and infection by Botrytis. Timers were chamber ozone levels from 7 July to 1 August. installed on 13 August to shut down the air injection Supplementary data, from 13 August until 19 September, system from 2100 hours to 0900 hours in an effort to was obtained from Atmospheric Environment Service increase leaf wetness, but no significant amount of (Environment Canada) chemiluminescence monitoring Botrytis infection occurred within either chamber by 19 in close proximity to the Muck Research Station.
August. Probably chamber walls prevented the infra-red Visual assessments of leaf necrosis and incidence of radiation necessary for cooling the onion leaves to the Botrytis spp. were made 14, 21 and 30 July, 13 and 25 dewpoint temperature (25). A fogger'was thus installed at August, and 19 September. The youngest five leaves of 1.2 m height within each chamber on 25 August, and ten randomly-sampled onion plants were rated for onions were uniformly fogged at least 20 min in the percentage necrotic leaf area using a modified Horsfall-evening after blowers were shut off. Dew was simulated Barratt (21) scheme, where: 0 = 0%, .5 = 0-1%, 1 = 1-3%, 2 until 3 September on days when no natural precipitation = 3-6%, 3 = 6-12%, 4 = 12-25%, 5 = 25-50%,6 = 50-75%, 7 occurred. = 75-87%, 8 = 87-94%, 9 = 94-97%, 10 = 97-99%, 11 = 99-By 25 August, onions! had matured in the control plot, 100%, and 12 = 100% injury. Intensity of Botrytis was but not in the chambers. Plants were harvested by taking assessed on the same sample by counting the number of four replicate, meter-long samples from the same location in each chamber. Eight samples wereý taken from the LO 350 control plot. Samples were cured for ten days, topped, weighed, and analysis of covariance was computed on bulb weights with plant density as the covariate (23). personal communication) on bright, hot days, as a result of leaf development and sporadic ozone temperatures within chambers were elevated above episodes. The amount of necrosis in the F air was ambient by 1.0 ± 0.5 C. Furthermore, although light consistently lower than that in the UF air and NC intensity during cloud cover was comparable with that treatment, the difference being greatest after major ozone outside the chambers, enclosed plants received only from episodes. Differences between the UF air and the NC 65 to 90% of ambient light on sunny days depending on treatment were variable, but the NC treatment showed their location in the chambers. Maximum daily radiation more injury toward the end of the season. Botrytis lesions was received at the chamber center, and the northern were consistently more numerous in the open field than in sector. either chamber. Initially, the charcoal filter removed up to 90% of the With each assessment date regarded as a block pollutant. However, downflux from the open tops of the containing three treatments, analysis of variance was chambers increased with the windspeed, and gave ozone performed on both the injury due to ozone and due to levels at plant height which were between 35 and 65% of Botrytis as shown in Table 1 . There was no significant ambient ozone, as previously reported (8, K. M. King and difference between leaf necrosis in the UF and NC P. M. Smith,personal communication). Ozone levels also treatments taken over the entire season. Onion leaf increased with distance from the air injection manifold. dieback in F air was only one-sixth of that found in UF Pollutant concentrations in the UF chamber closely air, and leaves in the UF air were also visibly more approximated ambient levels except on still days when chlorotic than in F air. Before inoculation with Botrytis levels in the UF chamber were slightly depressed.
squamosa, there was no significant difference in the Ozone monitoring.--Ozone was monitored incidence of Botrytis between chambers. Over twelve intermittently during the growing season, but in times the number of lesions were observed in the open considerable detail during the high-oxidant periods in field compared to plants in the chambers. Post July. Major oxidant episodes were recorded on 13 July inoculation infection levels were 237% higher in the UF and again on 30 July to 2 August when hourly average air than in F air when an adequate leaf wetness period was ozone concentrations exceeded 294 mAF 3 (15 pphm). provided. More frequent Botrytis sporulation on necrotic Minor episodes [in excess of 157 g/l m (8 pphm) ozone] leaf tips, Alternaria porri (purple blotch) lesions and occurred on at least five separate occasions, namely 7, 12, scallions (thick-necked, immature onions) were noticed in 15, 17, and 29 July. Levels at Bradford .during July, the UF than in the F chamber. Within-chamber onions August, and September exceeded 8 and 10 pphm for 51 required almost a month more to mature than field and 31 hr respectively, representing 4.6% and 2.8% of the plants, and were characteristically taller than plants total (Fig. 1) . A maximum average hourly concentration grown outside. of 380 ltg/m 3 (19.4 pphm) was observed on 30 July. Fungal isolations.-The Botrytis sp. most frequently Leaf injury.-Slight ozone incited flecking and isolated from characteristic lesions was B. squamosa, tipburn, as described by Engle et al. (5) , were apparent on though B. allii and B. cinerea also were found. Secondary onions in the field and in the UF chamber on 14 July and fungi, like Penicillium spp., especially P. decumbens, throughout the growing season. Although differences in Stemphylium botryosum, and Alternaria spp., especially extent of injury between F and UF chambers were not A. alternata were isolated more frequently from Botrytis significant on 14 July, sufficient levels of ozone had lesions than from the leaf surface, indicating actual occurred by 21 July and thereafter so that injury was invasion of the already parasitized onion tissue. greater in the UF chamber. During most of August, ozone Yield effects.--Prior to Botrytis squamosa inoculation, concentrations were less frequently phytotoxic than the weight of onion bulbs was 28% greater in the F during July and this was reflected in less new injury within chamber than in the UF chamber (Table 2 ). In the final both chambers. The greater amount of leaf necrosis in the harvest following Botrytis inoculation, only a 21.6% field by 25 August was due to the added effect of crop increase in bulb weight over the UF treatment was found. senescence.
Although onions in the field yielded 9.3% more than in Leaf necrosis, measured on the youngest five leaves the UF chamber, the difference was not statistically only, fluctuated considerably during the growing season significant at P = 0.05. In addition to underestimating injury to the entire and F chambers were attributed to reduced ozone levels, plant, the amount of necrosis on the youngest five leaves No other significant differences in environmental did not adequately account for the 28% difference in bulb conditions between the chambers were observed. The weight of the F over the UF treatment. The lower leaves negligible numbers of Botrytis lesions in either chamber not used in the assessment had greater amounts of before inoculation also eliminated the pathogen as a damage and probably also had a significant impact on factor in the observed symptomology and yield effects. bulb growth. The general chlorosis observed in the UF Thus, before inoculation with Botrytis squamosa, the chamber was no doubt a contributory factor as well. almost six-fold reduction in leaf necrosis and Reduced photosynthesis has been observed in plants at corresponding 28% increase in bulb size in the F air were ozone levels too low to cause visible injury (24) . A due to diminished ozone air pollution. These results are combination of these factors, and possibly others, were similar to open-top chamber studies conducted with other responsible for the suppression of bulb growth. crops at other locations (13).
The most critical growth stage in terms of effects of leaf It is arguable that, because ozone levels in the F area on onion yield is when the plant is reaching chamber were only reduced by 35 to 65%, an adequate maximum vegetative development and initial bulb picture of ozone effects was not portrayed. Bennett et al. enlargement (1, 7) . This critical stage occurred in chamber (2) cogently assert that low ozone levels, since they reflect treatments coincidentally with high ozone levels in July. normal ambient concentrations to which plants have New leaves that emerged after the beginning of August adapted, would better serve as controls rather than exhibited very little ozone damage and this might have atmospheres completely filtered of this pollutant. Hence, compensated to some extent for earlier injury. More new ozone reductions of the scale presented in this paper are leaves emerged in the chambers after 1 August than in the representative of characteristic 0 to 5 pphm background field due to chamber effects delaying plant maturity. concentrations in Ontario and thus fairly approximate
Responses to Botrytis in open top chambers.-The remote ambient conditions, results indicate that 'Autumn Spice' onions were Plants grown under low light intensities tend to be predisposed to B. squamosa infection when previously more sensitive to ozone (9), and this was reflected in the injured by ozone. After inoculation with the mycelial UF chamber where plants had more injury than those in suspension, many more B. squamosa lesions developed in the field. The light intensity in the chambers was reduced the chamber supplied with ambient air than in the by 10 to 35% by the walls and covering mesh on the top. chamber with filtered air (Table 1) . Even before These lower light intensities were no doubt responsible inoculation, the number of Botrytis lesions throughout for the increase in the amount of foliage, the longer leaves the entire growing season was consistently, though not and delay of onion maturity in the chambers. Because of significantly, higher in the UF than in the F Chamber. differences in growth habit and in susceptibility to ozone Two mechanisms are suggested to explain the greater of chamber-grown plants, caution is warranted in making susceptibility of ozone-injured onions to Botrytis sp. comparisons between chamber and field-grown plants.
Firstly, it is well established that ozone causes membrane Leaf necrosis and Botrytis lesions observed on the five disruption and subsequent cell leakage (14). The youngest leaves underestimated the actual extent of exosmosis of nutrients from plant organs through the injury sustained by the whole plant. Some of these leaves stomates or other pathways has been shown to be were not fully expanded and, hence, were not maximally important in Botrytis spp. prepenetration activities (3). susceptible to the pollutant or pathogen. Nevertheless, Ozone injury could thus have enhanced germination and these leaves gave the most accurate index of newly penetration into the leaf by Botrytis. Secondly, a marked occurring ozone and Botrytis injury. Older leaves are increase in flecking and tipburn occurred in the UF more subject to senescence, mechanical injury, lodging, chamber, and more sporulation was observed on these and invasion by saprophytic organisms, making it necrotic leaf tips than in the F chamber during periods of difficult to distinguish ozone and Botrytis injury, high relative humidity. Small (22) noted in greenhouse experiments that leaves, which were necrotic before B. squamosa inoculation, produced secondary inoculum Isolation of fungi from onion tissue.-The Botrytis 'Significant at P = 0.01.
species isolated from lesions on chamber-enclosed onions zSignificant at P = 0.05.
were similar to those found in earlier studies (7, 11, 19, 20, 21 
